Strains belonging to two novel yeast species, Candida bromeliacearum and Candida ubatubensis, were isolated from the bromeliad tank of Canistropsis seidelii (Bromeliaceae) in a sandy coastal plain (restinga) ecosystem site in an Atlantic rainforest of south-eastern Brazil. These species were genetically distinct from all other currently accepted ascomycetous yeasts, based on sequence divergence in the D1/D2 domains of the large-subunit rDNA and in the small-subunit rDNA. The Bromeliaceae constitutes a large plant family that is endemic to the neotropics and exhibits a high species richness in south-eastern Brazil. The plants are mostly epiphytes that form phytotelms or water tanks. The water accumulated in the tanks of some species can function as a microhabitat for aquatic organisms, including plants, animals and micro-organisms (Hagler et al., 1993; Araú jo et al., 1998) . This water has a high nutrient concentration, creating an adequate environment for the development of a complex microbial community (Benzing et al., 1972) . During a survey of yeasts associated with plants in tropical ecosystems of south-eastern Brazil, strains belonging to two novel yeast species were isolated from the water tanks of the bromeliad Canistropsis seidelii. The sequences of the D1/D2 domains of the large-subunit (LSU) rDNA and the smallsubunit (SSU) rDNA showed that these isolates were genetically distinct from all currently accepted ascomycetous yeasts. Therefore, the novel yeast species Candida bromeliacearum sp. nov. and Candida ubatubensis sp. nov. are described. The water collected was stirred with a sterile loop and streaked in triplicate on YM agar (1 % glucose, 0?5 % peptone, 0?3 % malt extract, 0?3 % yeast extract, 2 % agar) containing 100 mg chloramphenicol 1 21 (Trindade et al., 2002) . The plates were incubated at 25 u C for 3-5 days, and one of each distinct morphotype was isolated and maintained on YM agar slants at 6-8 u C and at 280 u C. The yeasts were characterized by using standard methods (Yarrow, 1998) , and their identification was carried out using the keys of Kurtzman & Fell (1998) 
Yeast isolation and characterization

DNA sequence analysis
Yeast DNA was extracted and purified according to a protocol recommended for the Genomic Prep. Cells and Tissue DNA isolation kit (Amersham Pharmacia Biotech). The divergent D1/D2 domains of the LSU rDNA were amplified with primers NL1 and NL4 (O'Donnell, 1993) . Each PCR was performed with the Ready-To-Go kit (Amersham Pharmacia Biotech) using 1?5 ml solution containing approximately 100 ng DNA, 1?6 ml NL1 primer, 1?1 ml NL4 primer (6 pmol each) and 17?8 ml Milli-Q water. The sequence products were resolved in an ABI Prism 377 DNA sequencer (Applied Biosystems) at the Centro de Estudos de Insetos Sociais -UNESP, Rio Claro, São Paulo, Brazil. Alternatively, the DNA was amplified directly from whole cells and sequenced as described by Lachance et al. (1999) . The SSU rDNA was amplified by using this method, with primers SSU1f (39-CTGGTTGATCCTGCCAGTAGTCA-TA-39) and SSU2r (59-ATGATCCTTCCGCAGGTTCAC-39). The amplification products were purified on Qiagen columns and sequenced using the same primers as for the amplification, plus the primers SSU3f (59-TGGAGGG-CAAGTCTGGTGCCA-39) and SSU4r (59-AACTAAGAA-CGGCCATGCACCA-39). Sequencing was performed with an ABI automated sequencer at the Robarts Research Institute, London, Ontario, Canada. Sequence alignment and tree construction were done with the program DNAMAN 4.1 (Lynnon Biosoft).
Species delineation, classification and ecology
The physiological characteristics of the novel species were typical of those of other species in the Metschnikowiaceae clade, although the absence of growth on galactose and the weak utilization of trehalose observed for Candida bromeliacearum are not common. The isolates of Candida bromeliacearum and Candida ubatubensis were examined after growth on most common sporulation media (5 % malt extract agar, cornmeal agar, Fowell acetate agar and dilute V8 agar), but asci were not formed. Mixed pairs showed no signs of conjugation, suggesting that these species occur in nature in the asexual form.
Assignment of the isolates to novel species was based principally on DNA sequence analyses. The D1/D2 LSU rDNA sequences (514 and 509 bases, respectively, for Candida ubatubensis and Candida bromeliacearum) of both species were so divergent that a credible placement near any particular species in the Metschnikowia clade was not possible. For this reason, the SSU rDNA sequences (1698 and 1662 bases, respectively, for Candida ubatubensis and Candida bromeliacearum) were determined and included in the analysis (Fig. 1) . Trees obtained separately based on the two DNA regions were mostly, but not entirely, congruent. Removal of gapped regions did not alter the trees significantly. Although Candida bromeliacearum is shown as a sister species to Candida haemulonii, the species are positioned at the ends of relatively long internodes and are joined together by a much shorter internode. As the SSU rDNA sequence for 'Candida haemulonii type II', an undescribed variant of the species, was not available, this variant was not included in the tree. However, an analysis of the D1/D2 region showed that Candida bromeliacearum is more or less equidistant from the two sister species currently assigned to Candida haemulonii.
One could therefore suspect that the addition of yet undiscovered taxa to the analysis may well cause a different branching order to appear, in spite of the high bootstrap values. As for Candida ubatubensis, a specific placement within the clade would be purely speculative.
Because all of the isolates of these species were obtained from the same site, it cannot be assumed that they were Fig. 1 . Neighbour-joining phylogram showing the position of Candida bromeliacearum and Candida ubatubensis among related species. The tree was constructed from concatenated sequences of the SSU rDNA and the D1/D2 region of the LSU rDNA. The species included were chosen to represent the various subclades of the Metschnikowiaceae clade, subject to availability of both sequences. Bootstrap values from 1000 pseudoreplicates are shown for values above 70 % only. The tree was rooted by inclusion of the sequences for Schizosaccharomyces pombe as an outgroup (not shown). *, The GenBank accession number given pertains to strain IFO 1408.
directly associated with the bromeliad water tank, which has a dynamic influx of a diversity of arthropod and amphibian visitors. As only three isolates of Candida bromeliacearum and three of Candida ubatubensis were recovered from a collection that comprised 29 isolates, the role of these species in the bromeliad yeast community remains obscure. In a similar approach, Hagler et al. (1993) and Araú jo et al. (1998) described the yeast communities of the water tanks of the bromeliad species Quesnelia quesneliana, Quesnelia arvensis, Neoregelia cruenta, Nidularium procedurum, Aechmea nudicaulis and Vriesia procera occurring in mangrove and sand dune ecosystems. The yeast communities found in those reports and in our study are quite different, as they share only Candida famata and Candida intermedia, two widespread, generalistic species.
Latin diagnosis of Candida bromeliacearum Ruivo, Pagnocca, Lachance et Rosa sp. nov.
In medio liquido post dies tres ad 25 u C, cellulae ellipsoideae aut elongatae, singulae aut in catenis brevis (3-564-6 mm). Cultura in agaro extracta malti et levidinis continente post dies 4 ad 25 u C, albida cremae et butyrosa. In agaro farinae Zea mays post dies 14 mycelium nec pseudomycelium non formantur. Asci non formantur. Glucosum fermentatur. Glucosum, sucrosum, trehalosum (exigue), maltosum, melezitosum, methyl a-D-glucosidium, cellobiosum, salicinum, L-sorbosum, D-xylosum, ethanolum, glycerolum (variabile), erythritolum (variabile), ribitolum, xylitolum, mannitolum, glucitolum, acidum citricum (exigue et variabile), acidum gluconicum (variabile), glucono-d-lactonum, 2-ketogluconatum, D-glucosaminum, N-acetylglucosaminum, et n-hexadecanum (lente) assimilantur. Non assimilantur inulinum, raffinosum, melibiosum, galactosum, lactosum, amylum solubile, L-rhamnosum, L-arabinosum, D-arabinosum, D-ribosum, methanolum, galactitolum, myo-inositolum, acidum lacticum, acidum succinicum, 5-ketogluconatum, Larabinitolum nec acidum glucuronicum. Lysinum, ethylaminum et cadaverinum assimilantur at non natrium nitrosum nec natrium nitricum. Augmentum in 35 u C, non crescit in 37 u C. Ureum non finditur. Diazonium caeruleum B negativum. Materia amyloidea non formantur. Crescit (lente) in agaro extrato fermenti confecto 50 partes glucosi per centum. Non crescit in medio 100 mM ml 21 cycloeximido addito. Candida bromeliacearum (bro.me.li.a.ce.a9rum. N.L. gen. n. bromeliacearum of Bromeliaceae, referring to the plant from which the yeast was isolated).
In yeast extract (0?5 %) glucose (2 %) broth after 3 days at 25 uC, the cells are ellipsoidal to elongate (3-564-6 mm), and occur singly, in budding pairs or in short chains. Buds are produced multilaterally (Fig. 2a) 
